Previous studies have revealed that trace element concentrations in hair can reflect exposure in cases of frank poisoning and deficiency. This study reports significant correlations within a single metropolitan area between trace-element content of hair and exposure (as measured by analyses for the corresponding elements in dustfail or housedust) for Ba, Cr, Pb, Hg, Ni, Sn, and V. Age, sex, hair color, and smoking habits were factors included in the statistical evaluation. Several metals increase and decrease together in the hair specimens, in agreement with trends reported for other human tissues.
Hair chromium and zinc concentrations reportedly reflect deficiencies of these elements in humans (7-16).
Similar trends for these and other elements have been found in animal studies (7, 9, 13, 14, 17) .
Scalp hair is an almost ideal test object for such population sampling; it is painlessly mally is discarded anyhow, and is easily collected and conveniently stored (1, 2, 9) . The purpose of this study was to evaluate further the use of scalp hair in environmental monitoring of humans for exposure to certain trace elements. The relationship between values for trace elements in scalp hair and important personal covariates such as hair color, age, sex, and socioeconomic level was also of concern. Because smoking has been implicated as an important exposure covariate for some elements (18, 19) , it was included in this study. A knowledge of the effects of these and other personal covariates on results of analyses for trace elements in scalp hair will permit a more accurate assessment of the quantitative relationships between such data and environmental exposure.
The following 16 elements will be dealt with in this report: barium (Ba), boron (B), cadmium (Cd), chromium (Cr), copper (Cu), iron (Fe), lead (Pb), lithium (Li), manganese (Mn), mercury (Hg), nickel (Ni), selenium (Se), silver (Ag), tin (Sn), vanadium (V), and zinc (Zn).
The specific hypotheses tested in this study were: 1. Significant relationships exist for trace element concentrations among the three "media indexes": dustfall, household dust (housedust), and soil.
2. There are significant variations in the concentrations of selected trace elements in scalp hair that can be attributed to personal covariates such as age, sex, hair color, socioeconomic status, and smoking habits.
3. Environmental exposure, as measured by one of the above media (hypothesis 1), is significantly related to the concentrations of selected trace elements in scalp hair, even after adjusting for any effects caused by personal covariates.
Although it is of great interest, one covariaterace-could not be evaluated in this study.
There were too few nonwhite respondents, and so only white respondents were included. This covariate will be examined in later studies.
In addition to the above specific hypotheses, we also examined the distributional characteristics of the distributions. Dustfall has been used as an index of environmental exposure to trace substances (20, 21) . More intimate indexes to trace substance exposure-such as household dust, soil and water from CHESS1-participant homes-have already been considered (19, 22) . Six metals (Cd, Cu, Pb, Mn, Ni, and Zn) were measured in all media (dustfall, housedust, and soil). Chromium was measured in dustfall and housedust; the remaining nine elements were measured in housedust only.
Methods

Environment Monitoring
The CHESS Network provided the means for community-wide sampling of scalp hair. Three CHESS communities were selected in the New York City metropolitan complex: the Westchester section of Bronx, the Howard Beach section of Queens, and the town of Riverhead, Long Island. These were communities for which the general pollution exposure gradient was believed to range from low (Riverhead) to intermediate (Queens) to high (Bronx), a belief based on previous assessments of total suspended particulates and dustfall, as well as some preliminary examinations of concentrations of selected trace metals in dustfall (22, 24) . Atmospheric studies including dustfall measurements were made at CHESS airmonitoring sites. The locations of these sites were such that the population of each of the three communities of interest was within 2.5 km of its monitoring site.
Data on dustfall were obtained monthly for 22 months (September 1970 through June 1972) at the central site within each community.
Standard procedures of collection were followed (25) . Four soil samples were collected from each of 43 residences (14 each from Queens and Riverhead and 15 from the Bronx), two from the front yard and two from the back yard. All samples were taken to a depth of 5 cm with a stainless-steel auger.
Ninty-nine housedust samples (29 from Queens, 37 from Riverhead, and 33 from the Bronx) were obtained by collecting the contents of vacuum-cleaner dust bags from community homes. 1 
CHESS is an abbreviation
for Community Health and Environmental Surveillance System (23).
Scalp Hair and Covariate Information
In March 1971, letters giving information about the proposed trace element study were sent to all families actively participating in a CHESS Acute Respiratory Disease Study (ARD) in the three communities.
These letters included for each family member a return-addressed postpaid envelope, with the individual member identification label affixed to the back, and instructions for collecting the hair sample.
In the instructions it was stressed that the hair should be from the next normal haircut or trim, and that as much hair as possible should be collected. It was also stressed that there was no special need to wash or shampoo the hair before the haircut or trim, because it would be washed in the laboratory before analysis. Polyethylene bags for hair samples were sent with the letters and had an identification label on the back, with each person's first name, family name, and a space for the date of the haircut. The color of each subject's hair and the location of the haircut (barber shop or home) were ascertained. This information was then combined with the CHESS ARD background information questionnaire obtained at the start of the ARD study to make a complete covariate information file on each contributing family member.
Chemical Analysis
Dustfall samples were acid extracted and the metals determined by atomic absorption spectrophotometry (25) . Housedust samples were sieved through a 0.5-mm screen for 5 mm at 260 oscillations per minute on a mechanical shaker and extracted with nitric acid (6 mol/liter) at 50 #{176}C for 30 mm. Soil samples were also sieved through a 0.5-mm screen. Soil, 20 g, was then extracted with 40 ml of HC1 (1 mol/liter). Hair specimens were washed with a detergent solution, rinsed, and dried according to the procedure of Harrison et al. (26) . The sample was prepared for analysis by combustion in oxygen for some elements and by dry ashing for others, as indicated in Table 1 . The dry ashing procedure consisted of wetting the hair with quartz-distilled sulfuric acid and heating at 550 #{176}C in a muffle furnace. To prevent any losses when volatile elements were to be analyzed, weighed portions of the washed and dried hair were prepared by the Schoniger flask technique (27) . Table 1 also shows the analytical methods used for each element. Standard laboratory quality-control procedures were used. In addition, recoveries of all 16 elements added to a housedust sample and to a hair sample were evaluated by using additions that were either twice the detection limit or twice the endogenous level, whichever was larger. Recovery rates exceeded 85% in all cases and were greater than 95% in most cases.
Statistical Analysis
Before statistical analysis of the data for hair, the values were edited for "outliers,"
values so far removed from the main body of readings as to warrant their removal from the population for statistical analysis purposes.
A statistical procedure was developed for this process, so that the editing was completely objective. In this procedure the inherent population variability, as measured by the standard deviation of the logarithms of the values, was estimated from the central section of the sample. Limits were then set at three standard deviations from the mean of the logs. Histograms of the data were carefully examined to ensure the effectiveness of this procedure, and to verify that a large number of seemingly valid observations were not being eliminated.
Logarithms of the concentration values were used to normalize the data and to make significance tests valid. Standard statistical techniques of correlation and multiple linear regression were then used to discover the effects and interrelationships of all of the measured variables.
Results and Discussion
Group Differences
While other studies have illustrated trace-element changes in hair when exposure differences have been
this report indicates that hair content of certain metals can reflect community exposure trends within a single metropolitan area. Several personal covariates were found to strongly influence such data, and must be taken into consideration if scalp hair is to be used as an index to exposure. The study population consisted of 498 white subjects who provided sufficient hair and adequate covariate information.
The distribution of subjects by age, sex, and residence (Table 2 ) consisted of two distinct age groups. This is a result of the method of contact in the ARD study; only families having children in elementary schools were selected. This population division created no problems of validity, however, because subsequent analyses were made on children ,nd adult populations separately. The distribu- Reported hair color by sex for children (15 years old and younger) and adults (over 15 years old) showed significant differences in hair color distribution between male adults and male children, but not between female adults and female children.
The adult males showed a higher percentage of black and grey hair than male children.
Analyses of hair from the adults showed a higher geometric mean than did analyses of hair from the children for 11 out of the 16 elements (Table 4) , but the differences were not statistically significant. Geometric means were used because the distributions were log-normal, typical of trace elements in hair (28-32).
Media Indexes
Arithmetic means for diistfall and geometric means for soil and housedust trace element concentrations by community are presented in Figures 1 to  3 , which demonstrate the differences and similarities between the areas. As found in an earlier study (22), there were statistically significant differences in concentrations of trace metals among the three communities.
For most of the trace metals the three media indexes of exposure are quite similar, and reflect an increased exposure as one moves from Riverhead to Queens to Bronx. Six elements (Cd, Cu, Pb, Mn, Ni, and Zn) were measured in all three media, and all showed significant positive correlations among the media. Cr, measured in housedust and dustfall, also demonstrated a significant positive relationship between these two media. The large variability of soil concentrations of trace elements has been discussed (20, 33, 34) , and limits the usefulness of soil measurements as environmental indexes of exposure.
In this study Ba, Hg, Pb, and V environmental exposure gradients (as measured in dustfall or housedust) were significantly associated with values for .0001 for Cu and Zn in a smelter-area study (1) . Se showed no gradientin the dust samples. Table 6 shows data for traceelements in hair and dust, by community, for the seven metals for which a statistical relationship between the two was shown.
Inter-element Correlations
Several metals tended to increase and decrease together in the hair specimens: there were 68 signifi- (42, 43) , and in two studiesPb has been found to be higher in the lungsof males than in thoseof females (44, 45) . The tendency for hairfrom females to have a higher concentration of several metals than hair of males may be related to the higher average inorganic (ash) content for hair from females (46, 47 and Fe in hair are significantly correlated. The Fe:V correlation found in hair is interesting in view of evidence that V is bound, as is Fe, to transferrin in blood (39) and that in vanadium toxicity both hemoglobin and tissue respiration are decreased (40).
Sex-related Differences
We found that sex was the most important covariate influencing trace-element content of hair, being significantly associated with 12 of the 16 trace elements examined in children and with 9 of the 16 trace elements in adults (Table 8) . Values for scalp hair from females are higher than for males in all cases where differences were significant, except for Cd and Pb in adults. Other investigators have also found sex differences as observed in this study, with females most often higher than males (3, 7, 28-32 , 41) . The reversal of the general sex-related trend for Age-related trends for hair from females differed from those for hair from males for Ba, Cu, Mn, and Pb. Scalp-hair Pb values decreased rapidly with age in the female children (Figure 4) . The peak values for Ba and Mn in girls were at ages 12-13 years ( Figures   5 and 6 ). In adults, values for Ba in hair peaked in women at ages 31-35 years ( Figure 7) . Mn did not change with age in adults. Additional data are needed to confirm these apparent age-related trends for Ba and Mn in the hair of females. The increased hair Ba and Mn values in girls (but not boys) at ages 12-13 yearsare intriguing in reference to puberty. Mn does have a role in reproduction (48), but Ba has usually been considered nonessential (7) . Barium is chemically related to calcium, and the higher concentration of Ba in hair from females than in hair from males may be associatedwith a similar sex-related difference observed for Ca (9, 29, 30, 41, 47) . Interestingly, values for Ca in womens' hair were greatest between creases with age in womens' hair (Figure 8 ), in agreement with the report by Schroeder et al. (28) . Others also have reported a decreasing trend in hairCu with age (32, 49) .
HairColor and Education of Head of Household
These variables were both significantly related only to Fe in scalp hair. Hair color differences were significantly related to Fe only for adults. Over 90% of the hair in thisstudy was either blond or brown, so other hair colors may not have been adequately sampled to detect further differences in trace metal content. Other investigators have reported such differences (7, 28, 48) .
The increased concentrations of Cd, Pb, Ni, Ba, B, and V found for hair samples collected in a barber or beauty shop as compared to collection in the home may represent contamination.
Se, however, was found to be lower in hair collected in a barber or beauty shop than in hair collected from home haircuts of children.
Smoking-related Differences
Smokers had higher Pb, Fe, and Se scalp hair values than nonsmokers.
Although these metals are reported to be in cigarettes, we are unaware of any published studies in which the relationship between concentrations in hair and smoking have been examined, although blood Pb values are reportedly higher in smokers than in nonsmokers (19).
Intra-specimen Differences
In this paper, the data are on hair sampled without restriction as to location on the scalp or distance from the scalp.Differencesin content along hair fihers have been reported (3, 9, 10, (50) (51) (52) .
Consequently, effects observed in the covariate data could possibly be related to the sampling technique, such as differencesin distance from the scalp between samples from males and females. However, area differences would not be affected by these sampling techniques because variations in the sampling were randomized across all areas.
External Influences
Previous investigators have argued (53, 54) (4, 6, 7, 55, 56) , and deficiency diseases in humans have been associated with lowered values for Cr and Zn in hair (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) 57) . Individuals living in locations adjacent to smelters have abnormally high concentrations of As, Cd and Pb in their hair (1, 56 (53) to be resistant to removal by a variety of washing procedures. The median percentage of outliers for the 16 trace elements in hair was 1.5%. The individuals classified as outliers on the basis of unusual hair-element concentrations could be examined further to ascertainthe reasons for their unusual values.
Laboratory washing of hair before metal analyses has been a point of contention (2, 3, 8, 9, 32, 41, (52) (53) (54) (59) (60) (61) (62) (63) . After comparing five techniques, we selected the washing procedure described by Harrison et al.(26) for use in this study. The detergent used in this procedure was demonstrated to be similarin effect to commercial shampoos, which agrees with the findings of Bate (59) for nonionic detergents. In an earlier EPA hair study (1) , a metal-chelating agent (ethylenediaminetetraacetate) was included in the hair-washing procedure, but use of this reagent was not recommended in a subsequent report (2) , and other investigators agree (54, 64) . Dilute acid removes metals from hair (41) .
The average values for zinc in the human hair examined in this study are lower than the range of 151-220 Mg/g reported in some publications (7, 26, 28, 65) . However, other investigators have reported mean values between 75-197 ig/g (66) , 82-190 Lg/g (7) , and 88-180 /.tg/g (8) . Available evidence does not support the hypothesis that zinc was lost from our hair specimens. First, nonionic detergents remove little, if any, Zn from hair specimens (26, 54) . Second, hair specimens stored for several decades have exhibitedtypicalvalues with (29) or without (68) laboratory washing. Third, treatments that do remove zinc from hair also remove Cu (53) or Pb (41) extensively; our values for Cu and Pb agree well with values reported in the literature.
The relationship between metal content of hair and (a) content in other tissues and (b) metabolic status are separate and complex issues, which should not be confused with the exposure relationships that are demonstrated.
Some evidence indicates that trace-elementcontent of haircan reflect whole body content (9, (69) (70) (71) or contentin specific tissues (3, 9, 10, 13-15, 49, 70-72) . When valuesforhairdo not reflect values for tissues (9, 28, 73, 74) , hair may reflect the metabolic or health status (9, 11, 13, 17, 72) while the values for blood and other tissues may not (9, 17, 19, (73) (74) (75) (76) (77) (78) (79) (80) .
The absence of a demonstrable relationship between values for hair and for the media in the case of some elements in this study is not definitive, but may simply indicate that: (a) the exposure difference was not sufficient for a correlation with values for trace elements in hair to be observed, or (b) that the media indexes used were not representative of the overall trace element exposure for the population sampled.
Future hair reports on other geographic areas will help to clarify the utility of scalp hair as a community exposure monitor.
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